96
In this paper, we report a facile and rapid pathway for the synthesis of 1,2,3-triazoles 97 through 1,3-dipolar cycloaddition reactions between 4-nitrophenyl azide and activated alkenes
98
[36] using a heterogeneous catalytic system.
99
In previously reported works concerning MCM-41-catalyzed Knoevenagel condensation 100 reactions, as-synthesized Si-MCM-41 was studied as basic catalyst [31] [32] [33] . Generally the autoclave and hydrothermally treated under autogenous pressure at 423 K for 10 h. The A c c e p t e d M a n u s c r i p t filtration and washing several times with distilled water, the obtained solid was dried at 333 K 
159
[50], except in the case of 3c.
160
The characterisation data for the 3c is as fellow Ethyl 5-methyl-1-(4-nitrophenyl)- MCM-41 proved the incorporation of gallium or aluminum in the framework.
1H-1,2,3-triazole-4-carboxylate (3c

197
An increase of peak intensity is systematically visible after calcination, assessing more 
212
In Table 1 , are also given the BET surface area, pore size, wall thickness and pore volume of 
228
XRD data which already revealed less ordered structure for Ga-MCM-41 solids.
229
It could be seen from Table 1 that the pore diameter of samples increased gradually in the
230
following sequence Si-MCM-41 < Al-MCM-41 < Ga-MCM-41, which suggested generally 231 that heteroatoms incorporation would result in a shift to higher pore size [9] .
232
On the other hand, the pore volume and BET surface area decreased basically for Ga-MCM- 
236
The FTIR spectra of the calcined and as-synthesized samples are given in 
245
The thermal properties of the samples were investigated by TGA (Fig. 3) . The initial weight 
259
Whereas Ga-MCM-41 exhibits particles irregular shape between 0.5-2 µm, Si-or Al-MCM-
260
41 have particle size between 1-2.5 µm.
261
The TEM images show that the Si-or Al-MCM-41 mesoporous catalysts display highly 
Catalytic experiments
268
By reaction of 4-nitrophenyl azide (1, 1 equiv.) with the activated alkenes 2 (2 equiv.) in the presence of triethylamine (2 equiv.), and using DMF as the solvent, the 1,2,3-triazoles 3a-e were isolated in moderate to high yields after 24 h reaction time at room temperature (Table   271 2). The reaction proved regioselective. The assignment of the stereochemistry was established 
293
For the products 3d and 3e, if we compare the results obtained using the mixture of basic 294 catalysts (Table 3) with those obtained by homogeneous basic catalysis (Table 2) , we can note 295 that the reaction times are reduced and that the yields are always improved using the mixtures
296
of Si-Ga-or Al-MCM-41 (10 mol%) with the Et 3 N homogeneous catalyst (2 mmol). These M a n u s c r i p t 15 results suggest that the triethylamine is entrapped in the mesoporous materials [57], and acts 298 as a supported catalyst for this reaction.
(M = Si Ga or Al) materials were also used as base catalysts without adding triethylamine ( Fig. 5 and Table 4 ).
-Effect of the amount of catalyst 303
In order to understand the influence of the heterogeneous catalysts on the cycloaddition 304 reaction, reactions between 4-nitrophenyl azide (1, 1 equiv.) and acetylacetone (2a, 1 equiv.)
305
were performed using different amounts of as-synthesized Ga-MCM-41 ( 
-Cycloaddition reaction using Si-Ga-or Al-MCM-41 catalysts
316
As expected no products were detectable by using 25 mol% of calcined Si-Ga-or Al- Otherwise, triethylamine is at the origin of the irreversible water elimination step [50] .
356
The latter may displace the reaction towards the formation of the final triazole, and thus help 357 to perform more difficult reactions such as that giving 3e (absence of intramolecular hydrogen
358
bond to favor the enimine form).
Using triethylamine alone leads to an efficient reaction, except from -360 benzoylacetophenone (2d) and malonodinitrile (2e). Whereas for the former steric hindrance 361 can be proposed to rationalize the low yield, the absence of intramolecular hydrogen bond to 362 favor the enimine form can be advanced for the latter.
363
Using triethylamine in the presence of 10% of MCM-41 allowed the yields of 3d and 3e 364 to be improved. In the case of 3d, calcined Si-MCM-41, which possesses a larger surface area, proved the most efficient catalyst. The presence of surfactant inside the mesopores, by decreasing the available surface, reduces the catalyst activity. In the case of 3e, the yield is 
388
The catalyst could be reused up to five times with little loss of activity, confirming its 389 stability as seen by TGA and XRD data ( fig.3S and fig.4S see supplementary data) . 
410
The as-synthesized Si-MCM-41 is particularly efficient for the cycloaddition reaction at 411 room temperature due to its higher number of ionic pairs SiO -CTA + .
412
The incorporation of moderate amount of heteroatoms such as Al or Ga in the silica 413 framework would allow the mesoporous solids to benefit from enhanced hydrothermal 414 stability a feature particularly needed in reactions operating in aqueous media. Unfortunately,
415
heteroatom incorporation reduces the number of siloxy and decreases the basic character.
416
In conclusion, we have developed a convenient method for the synthesis of 1,2,3-triazoles, calcined Ga-MCM-41 3a 3b 3c 3d 3e Yields (%)
Run of Cycle
As-synthesized Si-MCM-41 As-synthesized Al-MCM-41 As-synthesized Ga-MCM-41
